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IS] £ ffiG S5£&ttg W^b*(R] <h -5 ^fr^fro*. & 

(ioo) mftteo&mm-cMi&ztiT^zmMmim 

(6i £ mm m&m&m omtjj&i t ^m^ttt a. z> 

m \z&tiimffi.*-¥7L2>mnm t ^tstt sn-o&sx t°> 

im&m 4 ] ttm#m&mnm t a-t rxmt v>m\z 
«u fobiLjjffim-cR-o (ioo) serai* £*rr-5#m 
&o&mw&)Wf&z nx ^ 2>m$m 3 be«©x if >a;p 

[»*J«5] Mia&SBIte, Cr, Ti, MoSfcfct 

irnxm 6 ] K%m&m<D±iz. M&.K%m&mt<D 

wmmzn.- j te>±.\z#m&mmm* &<kzr7i)-^m& 
M&mmstiT&r)* z<E>\zwim7v-fiZftmomik% 

m\z&tiinffi.z^z.z>mnmii&mw*>txTtfiz>x¥> 

r-z> (ioo) Eiajeco^mttKA^j^snT^o. ^ 
nx^zzt z<&m 1 1 z x tf >/w:/£?eME$?. 

[»*«7] ftMEaH81£R«. Fe-X (X=Rh, 
Cr, Ti, Zr, Hf, V, Nb, Ta. Mn, R 



u, Pd, Pt) ^MfcUFe-Co-Ni^fi 
[0 0 0 1] 

(Pinned) fiBftJf) ©®{fc©;£ft£^g|$a#©^§£g: 
tt^>7'J- (Free) mttB©^fc©;£ft£©W#T-*m 

m^KfkT^-Sd: 3 LT, AVl^ A^-fe?>/ -f X£4I 

[0 0 0 2] 

^e.«ffi©Bs#^tts-r ; 5xif>A';uyM^K*i i (x 
v>/w7smmm&'w h) ©«£*©#fjg£*-r ews 

l, HSfilttJl (tf> (Pinned) BSttB) 2. 
•if 3&tf;7U- (Free) fiBtelf 4 *u t<DM 

WcteA-FA-f 7X15, 5^M$tTO^. 
Mt£Jf ItcttFe— Mn (&— v>#» ^IK^N i 
-Mn (-y5r;l—V>#» @5tfiBttJf 2S 

U -m&m 4 (CttF e — N i (fk—-y >rM 

m. #m&mmm3\z\*cu m) m. sfcA-r-vw 

7X15, 5tCttCo — Pt C3A*;H — 6^) 

ts-Htf-iiBimzmm-znT^z. 7«t 
[0003] sfc^-r^^fc. s^ittiug^ 

a^s, 7z-;nai mmm) zm-Tztiz^vm 
us. x*rtik:«ft:3nTir»s/\— H/w txh 

5, 5©^#*SttTttie>"J-ateS4(DfiSfr:*[6]« 

x^tifi]{cm^.e.nT^s. 

[0 0 0 4] 04(C^Xfcf>/\*;W^#)K*^©Sjg 
MtLTH i-rTi*«6^e.«aS7*T©6S^ 

-?-co^(c, Mee.6m<Dmmz/\— ha-t txjis, 5*i 

j«)K$ns. ^©xtf>A*;^^K^T«. a— H 

A'-f7Xi5, 5±tC^$tlfc^«S8, 8fr*>. m 
€^tt«2, #^tt««)13&CX7U-fiSttS4fC^S 

*»fE mmnwi) ^#^.e»ns. a— xotzzo 
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[0 0 0 5] 

B*Y^[P]{c@^$nTt^d^ mlfeBJSfiBteJf 2 cm 

3WR»*6nTt»*. *-®fcti>(C, @5£«B14Jf 2£> 

SfiOlftidi, HflfBA-KAWTXJl5. 5*>6©/t-f 

[0 0 0 6] Xtf WWyMSSHSJR'f-Ttt, H 

<bttH*x*iRifc*aKfl:sn. MaaBJtttH&Ji 2t7 
u -mite 4 £©afta*> -to^flMttcfcuTEEW* 

14B 2 rofiS-fk^Y^tfijlca^^nTV^^^fc^f-iiL^M 
&\zti<. Mmffiiffitt&lz&^X -lira h^y 

^vZm&K) fcflkhft h 7 y ^fc43VvrfiiJ5£b;fcfS:£ 

[0 0 0 7] V-f^Dh7y^7-»^ b>J— SrSlJSb 

v< £ a h 7 y P T *y h 'J — te&Jf&tfffiK* 

4 £ ©jSpgttjaK::t3tt£ V-f i7 p h 7 >y ^ 7-»* h U 
— £«JSbT#-£<h, H^m*tt©JiS^l±^— K&o 

bfc#fS<h&oT^&. V'f?nf«77i'7>'^h | J 
— atigl^SglCifeSt, h7«y^fe@«imS:iE«^fT5 

A-KVH7X15, 5<Dm&&nm$)\zm<i3i2>rztb 

lz, h5I2A— H/H 7X1 5 , 5d^WI27U— fiSitS 
4 KX^lBl^O+SmAW 7Xfi8#£-5-*--5 H 
■T. a-aT7U-«ttB4 0SBlflC&l^*«X*l«iJk:Sfe5tb 
tc< <, AV^A^ifW^Xri^^b^T^oT^ 

[0 0 0 8] ^MttilS^OMSSr^-rSfe*© 

#&A-f T7M.ww i *t>ri2>&o\z-?z>t.mn\z.. uib 

A- h* A*-f TXBflt, H^mttBO^fbtCtt^SS-^^. 
ft^cfcpfctgjttUT, WfEBJ&cBttBii.fct^U-fiB 



^n. bfrfcA^A^-feTW-f X&t&M.ZT±Z>Z.£1A 
Rjftt&X h! WUI^SMR*? £ <t £ S W i: 

[0 0 0 9] 

[^s*«?siT?>fcJ6cD#©] *?§^«. saefti© 
^«®, *3±^7'j-fi8ttB^«BsnT*30, $e.ic 

fat3SXT5^|6WiASA*--f 7XJl<h, B5£&ttB<h 

nm&£tf7*J-M&m<DViffl<Dmi$.lzm&Tlsi0. c 
KA'-f 7XB43£t*«ffiB#«B3nT^5 H t 
[0 0 10] #fS9JTteU C<D^*M^jt£UTSl 

#PjS-cao (100) EinH4©^)g^-e^$nTVi 

[0 0 11] KaftttttBOJifc:. MIES 

teB0D^k*|6l^trlBHSlKttB©e'fk^|6]£55XT^ 
*|S|'vIA5;'5-f7Xlt. @SlH4Bi:*fi8^«B 
t7U -&14B ^ffl«8S £ *«B £ ^IStt S> tL 

«B(D±IC ftftf3;^TXB43«J;^»ffiB^B$nT 
[0 0 12] #f£9rett, Cl«)*^W^igtbT0 2 

TXB£0DP B 1tCtt> «M?fiC&«IJB ,, eao (10 0) IB(6] 
[0013] (*: < £.>St7j«iS-ej.O ( 1 0 

o) m\%&<D#m&<D&mm£VT. cr, n, mo 

[0014] ^eic. *5§W«> 5«lSSttB©±l^ flt( 

JsJct^^'J— «B14B#«BSnT*5 9. $etcWffi>"J 

-r-57j[6l^}i5A-5A-'rTXBi:. H^'ttBt^BStt^ 
lit7U — ai4Blc«lffi«SfE*#x.^>S«B tTi^tt 
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\zfcbttmm-?R-? (100) serpjttro&s&ttisasp 

[0 0 15] *^BJ-ctt, Z.<DMfrmfcfflj&tVTm3 
ZmtfZZttfT'&Z. tz&, WIB^ttl^ti, Fe- 
X (X=Rh, Cr, Tl. Zr, Hf, V, Nb, T 
a, Mn, Ru, Pd, Pt) MSfcttFe-Co- 
N i ^&T^j££ttT 1^-5 LlA, 

[0016] *^HJ-t?{i, 0 1 0 2 K^T <fc 5 

HA*<T7.«5i0?@Sfi8ttB2O±{C#ffiSttroB (01 
9,02 -?t&lNBte*MM 2 £>T2ffii£) 

h*/^ 7X1 5 ©if ©J|va»^. 7'J-l 

M 4 tdte. WISA- K/H 7X1 5 S+fl-fc/l-f 7X 
«B###x.£>*lT^-5„ A-H/H7XI5HB 
Saf4P2©Mfi!Hctt^:<, li&fEH^ttJf 2^e>B§tl 

zommzmfem&m 2 icraja^nr , %¥ttk:7 i> - 

iStt!4 KM* UTBlJJD^n-S. 
[0 0 17] &i5, BHc43tt^fiStt^9tt, frfrit 

(loo) mfa&&m-?z>&mm-eBf$.z 

jg-C&Si:, A-bVW7XJl5<2&m#Hc;fc < J:tje£ 
Pit S < t) » A— K A*-f 7X15^& ©A*-f 7 

[0 0 1 8] J&LtKAtK 01M^2lC^t7'J- 

[0 0 19] MI2A— HA-^7XS5©T{C, # 

JStt©«*i^j6K$tlTV>-5C:ilca;0, A-FA*-f7X 

sts^asttg 2 ^(om-c^m^^m^-r. a- 
h aw 7x1 5 -a* &®»rc^aa#tt&®flic*ff3 

MfS@^att^2©fiSfttc^S$r^?S^ 1 t)©i:^ 

[0020] ^(dxoiz, *mw\z$>vz>m>£miim2 

it. «e*©H^ttg2©J:5(C, /\-KA*'f7Xl5 
<fctf 0 2 (C^TH^tt^ 2 CD^Yk«, ^-©^ffi«tc*3 

Tlg}*§& (01#I) , T2M*£ (02#J&) 
tt)12:&±tf£3£^ttJil#5£tBLT^£. Z-Ofctb. 



[0 0 2 1] ifci3Tlt 7U-&tt»4CD_kK-^ 
ttBl 0£^bTA-hV\W7Xjf 5?W£fi!c£nTlA 

So 

[0 0 2 2] A- H A*-f 7X1 5 £lWfe3£«Bttlg| 1 0 t 

<DRm, *3«t^HtrsH^mttMi o tTzm^<Dy^-m 
&m4£i<DRw\zi$< l irz>%&.m&m'8t\z£r), 7u-nt 

®4tt, S^ttS2CDmfk«hiS3?T-5^[S] (X*|pJ) 

[0 0 2 3] £fcA— HAW 7Xi5ii@tlttI2^ 
C^nfcfi[gfcP^$nTV^fc«6, juffBA— HA< 7 

x«5^e,<D&nfi8#^ Mftas^ttB 2 o«fl:fcnj 

[0 0 2 4] Z\0>£o\z. ^f^Tte, HJtfiBttJ12:j3 

=fc^7u-«sttB4*?. *<D-£mmz&^-c. ffifeou 
t. < ft 5 „ * tz.mft$m.m -aft ji 4 

[0 0 2 5] 

&43, 0 1 TttX^lfiltCStKS^O'f^^CO^.Sr® 
»rLT*UT^-5. Z\V)Bmm§5.'\y KttU A-Hr-f 

x ^ gfitc^j- 6 tuti? Ji^cx h u— u > ^fli 

j^gP^:i:(ct?lte>tiT> a— H^-rx^^a:©ia^# 

«r^m-r-5*>©TabS. &:|3. A— Ht 1 ^ X^^t*©fiS 
[0 0 2 6] HI W«t)TtC^$nxti-S<DttT a 

(^>^;w *t*o#fiStt^T0BK3nrcT*e6T 

z\<DTt&m6<D±tzK%m&mi. mizm&m 
(¥>m\±m) 2*s«isnT^5. mies^ttsi 
tmfem&m 2 t^s$nfc«!i-c, ^€w^€rs© 

[0027] mmisL&m&m 1 i;p t -m 

n (6£— V>^» -&^$:ffifflLTt^. Pt— Mn 
F e— Mn-^^iftCjt^TH^t^nT* 

0, *fe^n^^>^jaffifeii5<, se>i:23o , c (u 

MMt LTltlfcitt^t LTtr^. Sfc, Pt-M 
n-gr^tC-ftAT, Pd— Mn (A^S^A— V>#» 
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fe5WiPt-Mn-X (X=Ni, Pd, R 
h, Ru, I r, Cr. Co) £fcte«E5fe^e>te 
fflatTCHSN i — Mn£&. F e — Mn^St'SS 

[0 0 2 8] Site, mfem&m2\Z. Ni-Fe (Xy 
>r)l—ik) Co (HA'^M , Fe — Co (&— 

ZlA;H-) Fe-Co-Nl^WBWtSn 
tUS. B£ttttH2 0!)±tC^ Cu (81) &<!:©«& 
Jgta©<g^#N8£i£^«B 3 tfJUftStu 4 
1114, Ta&£©««17#«JlSriTV»*. 
M85^'J-fi8te«4«. MifiU&BS0BttJ12fciiUflS 

[0 0 2 9] Bl£*'3~TJlU16;fi>&ftMJl7£ 

6 *>&mS 7 i;T?© 6 B**X A y ^ fC<fc D ssi&anfc 
#fi&1£3l«Jf 3. 7U-ai±«4*5J:^SS7* 
X^faO^MWCjSU -tOMB*** (TlflM) A«-f* 

■OtSv ffl^attB2t)X<>5 1 >^j^SSStt, &5 

SSteJi 2 ttT* ***W-RW D * 5 tutelri J: 5 ICT S C t «» 

ttttM 2 ©T l®«<D±Blc4>bfc*ttST<fc 5 Hi 

[ 0 0 3 0 ] 0 1 tC^-T«fc P tC, H^fflS^H 2 <DT 

MM 7 tiDfHftiBiaWrc* *«tt«l9««riWanT^ 
*. ae.t. MG#ttttR9-<0±lC«. A— KA-f7X 

&ttBS9*t. #,LvLE#«a§ (be c) TfiO (10 0) 

[0031] iSft*a*»<M?fljEr«ja-c (ioo) eisj 

ttSttS^SlttTtt, Cr WDA) , Ti (f 
, Mo 0E'J?x» . W (?>?XT» 

«w 5 oMo 5 o (50, 50«a t %) s«*-r*^i:*«Tre 

Ivrfci^U &£V>kfc2»WJi©^^T?^j£a*XT 

[0 0 3 2] 5liW^.«C 
o — P t — S&) ^Co-Cr-Pt 

5. ^5i*^Tfir> (10 0) Efatt£*T-5C r 

A*-r 7xi 5 a^jsans t. miba- f/w 7x» 5 

©GUSttfHc. ££#88811: (Br) /OftBXttft 
(Bs) T##&ft<&a#tfcs ■€-©*§* 

A- F A-f 7X1 5 A*-f 7X&??-«tt;*:T 



[0 0 3 3] SSfcaMBSmt, H1C*TJ:5C. A 
— HA*-f7Xl5^ 3H8ttBt9e4t-l<TTl«(tt<DB 
Jfc«ttll2®±K:#J*3ftT^*&»* 7'J-*ttll4 

©w«ic»j«anfc/N- H/\*-r 7x1 5 ©busi*. tit* 

F A'f 7X1 5 SCAW 7XfiS^+^fC#^. ^tlt 
ViS. A— FA*^7Z)15ttBJ£*ttll2©Wtt 

iz ttfr < , ffifBBJtfi&tt H 2 *> 6 WlfcttB S *i 
T V» S A— H;t-f7X15^5 ©&imB3tfi& 

tt« 2 icfiijuna n-r, u-attJi 4 

[0 0 3 4] B5£fiH4B 2 ©JilCttffiJg. A- H 

TV»*OT, BJ6«tt)12 fcA-FAM" 7XI15£©I« 
^«tt»da*S6£t"3 ^-©*§*. 
^9©^rfiEtCj;0. A-hVH7Xi5 0W» 

#a&Bi9 -emmzn. mizm&m 2 ©«<fcfci*»« 

Z\<D&?\Z. MIBBftBttM 2 i*. A 

— FA-f 7X« 5 ©^#£§tf£> 3EoTh(I 
i2B5fe&1£Jl 2 «. -tO^flWUCfcl^T, Y75|S]tCjSiE 

tc^fiSKftans^anfcfewt&oTv^. 

[0 0 3 5] *fc«*fcJW:0, A-H/H7X15 0 
T©T lffUtk: feH£ttttH 2 *5j;tf£3&fi&teli 1 A*5£ 
ttiUT^S. £©fc#. B5t«ttJ12«. h^fi'ii 

ofcj^os^ieffl^Y^isitcBsanT^o, -?-©*§ 

ft. «JJB««W*»6©«»KJ:*B)e«ttJ12 0«fb 

©10 £ ©5l^«r^BE&it-r S d t tmt&tte-o TVi 

o (10 0) gBlPJtt&*-r^^M^^{^ ^^.«S i 

2 43«trjc^ »j -mttB4 ©efk^aiE^rfijcm^^ ^ 
[0036] 02(1 mi tc^T#f£>Mi©xfcr>A;K/ 

ipH4ytj|b]t?$.?>. m 2 ic^-rxt: wt^ssiie*? 

M3, 7U-«tti4, fej;^«®»7*tjiitcasan 
T©sai»7je*s^ic«fc o Y^tfiii^aKfkatiB^a 

[0 0 3 7] 0 2CStJ:5t, 7'J- fi514H4*5«fctX 
««B7(±X7jrol©4 1 ^fCSatl, Ttt!»6. S^fiSft 
Ml. BJa»ttJ12*«fctf*«tt#«J13*«. 1E7U 

— «ttii4*j:atfii«Ji 7 «t o t>a 6icxtj|S)©m#i© 

3©T2©fiW*©±iB3^6» 7U-fiS14H4*3«t^® 
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m 7 (Dm&wizMiT. a- f am 7x1 5 ^^$n 

TWS. SetC. BtliSA-FAM7XJI5©±K:ttagm 
H 8 *J»J«atlTV»*. MfSA- FAM 7XJ1 5 

® AM 7X6^ (Cj; 0. 7'J -attJf 4 ^X*(SJ{C^ 

CO 0 3 8] 01 t02fC^-rxtf>A*;P^»^^ 
£it&bT*.3<!:> 02(c^-rxtf>A*;W^^K*^ 

0>ttG3M8i&iMUI 3 A- H/.t-f 7X15 £H£tt 
1412 tOIBUC^-ftTS^tfc^O-, Z\<Dfrtb. A-K 
AM 7X1 5 £@*&8SttJl 2 M£tt3ftttttfl8£*t%£tt 

mttas$«jgi 3 T?awfsn. ffiwz&nmRtimfem&m 2 

[0 0 3 9] m2iZ5k-r&olZ. A— FAM 7X 

I5H ^U-^ttlf 4t^U#^ttiS«JI3_h^£I5 
i££*lT^.5(DT> ^>A*-f7X«^^4t5A-H 
AM7XJl5©l&ff<Z>Jpi,VgB#;5S, 7U-Sttl4 0M 
fldtC^^tl^rtfcfet). ff^T, 7 <J — S&ttJf 4 « 

s 5 2 ommiziite < , MisH^fiStt* 2 

^eSStlfc^MtC^^nTli-SfcJ&tC, A- FAM 7 

\z 7 u 4 tai* Lxraisns. 
[0040] $ s m2 ic^-rx if >A*;py^#iK* 

ft?(t 0 1 Tl&WLfc^frSTjfif ^.§.0 (10 0) 
KfRH4&*T-5^A«C r O&jSBtj&t, #fi8tt*«Ji 3 
<Z> T 2mm<D Jiffi^ -fi&tt 1 4 43 £ 7 © 

ffi&WiZfrifTtfLmZtlT^-CbJ:^. Z.<D£5?3iffim 
A-W7X15 0MAHC, ^JgJtS 
i*7Z% < ft. X> , A- HAM 7X1 5 tf> £5§£T5 AM 7 

x^«iS^:TS. >"J-Mtt«4(D«8fl:« 
«fc 0 X7Ji6]t¥flS^l:$n^-r< 

[0041] ^mm<Dm<Dmmmm<D^n>A 

o\z. Tri^TtfJlf 6, KSfifiSftSl, @3£fi814JI2, 

TV»*. ifittI2H £3SmttJf 1 <tOT#H 

-C©32&g7jttGBI?-fc J; 0 Y^fatCi^E-fbSttTH 
•5. H9fB7'J-jj8ttg4<D±fC{iX7j(Sj©4 1 *{C-^© 
IBJWSSSW-T, ^©^[HCMfia®^ (T3^1gc) tC&ffiS 

mio, A-H/K7XI5. $>£zmnM8T!>mm 
[0042] ^e-lt, m3&mnm8<D±wfr<z>7v—m 

ttS4(D±®(C*HtTffiae7^^$tlT^-5„ 
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(10 0) E|6]tt€rWbfc^B^T*l9, Fe 
— X (X = Rh, Cr, Ti, Zr, Hf, V, Nb. 
Ta, Mn, Ru, Pd, Pt) ^Fe-Co-N 

[0043] ^{C, S3 7 >J -mttS 4 OD^fiS 

Kft©ttffl*.fcO^T^T{Ci5i^-r-5o A-FA* 
■f 7XJi5«0^X;£[6]fCfiB{t£nT^5„ 

0 ©SHbtt, MGIfitt&flt 1 0 £ A- F AM 7XJB 5 £ 
CD#HT<D^fi8tt^fC«fc 0 X7J|Sj{C^E{b$tl'5. 
$ £ (CT3®tttC:fctt3 7 U -m&m 4 ©fi&fbH MG 
7 U — BttJi 4 <t 3£fiBttg£ 1 0 £<D#®-C<Z)3£fi&ttl£^ 

(citJXTjioiic^K'fk^n^. T3®«£W (±®(c 
s&fbtt, x7jrfi]t#ME:ft:$nfcT3®«©7U-att 
u -«BteJi 4 ©^^xTjrsitcjgiEfc^ixfb^ns,, 

[0 0 4 4] A- FAM 7XJ1 5^eCD»tt&l?- 

tftfiSS. 7U— mtt^fcfcn-cAn?^*. A- 

F AM 7X1 5 «B5&S8ttll 2 &^tlfcfi@fC^J5g$ 
tXTV>Sfci?)tC, A- HAM 7X1 S^ve.cD^fiHIt 

mtt)i2ic8]j!)n$nt t . ^wtc^'j-sftji 4{c*4» 

K>—mxj3faizm]E\zmmmt2ti j $>-r<t3iiT^2>. 
[0045] ^ fc. S3 tc^-rx t wx^^anRsn? 

A-FAM7XH 5**, BJg«ttJ|2^&. SStl 
^MlC^^nT^O. «eoT, A— FAM 7X1 5 

A-FAM7Xl5©j^S^Stt^c:<!:3&^<, S£oT 

- fam 7x1 5 <DT<DTmmz*>m7£m&m 2 ^j; 

^S^ttll^@ffiLTVi-&. ZWtztb, 
[0 0 4 6] l¥SELfe#*ig^«|{c43H--5Xf> 

fistt««s 3 *j j; ^ u -figft m 4 izfeosmffi (tkmm 

%.*>nz>£, 7'J-fiSttS4©^fb7jrRl^X^(Sj!5^Y 
7j[S]^rS]ttT^{bT-5. Z\<»£<&:. 7V— m<414£@ 

Sr^^L. «MSfit^fb-T5. ioT^ftgSd^b 

[0047] *mwe\*. ^mmmmiz^x. m&m 
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(57)Abstract 

PROBLEM TO BE SOLVED: To adequately form single magnetic 
domains with fixed and free magnetic layers in a predetermined 
direction so as to obtain a good microtrack asymmetry, asymmetry, 
thereby reducing the Barkhousen nose, without causing the servo 
error. 

SOLUTION: A hard bias layer 5 is formed on a fixed magnetic layer 
3 via a non-magnetic film 9 and hence fully gives a magnetic field to 
a free magnetic layer 4, and the interposing of the film 9 protects 
the magnetic layer 2 against the effects the bas layer 5. Thus both 
the layers 2 and 4 adequately form single magnetic domains to 
result in the reduction of the Barkhousen noise, provided a good 
microtrack asymmetry. 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] On an antiferromagnetism layer, the fixed magnetic layer to which the magnetization direction is fixed by 
the exchange anisotropy field with said antiferromagnetism layer is formed. The bias layer which the laminating of a 
nonmagnetic conductive layer and the free magnetic layer is carried out on it, and arranges the magnetization 
direction of said free magnetic layer further in the magnetization direction of said fixed magnetic layer, and the 
crossing direction. In the spin bulb mold thin film of which a fixed magnetic layer, a nonmagnetic conductive layer, 
and the conductive layer that gives a detection current to a free magnetic layer are prepared, and consists said 
antiferromagnetism layer and said fixed magnetic layer The spin bulb mold thin film which has been prolonged to the 
field of the both sides of said nonmagnetic conductive layer and a free magnetic layer, and is characterized by 
carrying out the laminating of said bias layer and the electrode layer through a nonmagnetic membrane on the fixed 
magnetic layer of this both-sides field. 

[Claim 2] Said nonmagnetic membrane is a spin bulb mold thin film according to claim 1 which is body-centered 
cubic structure, and (100) is formed by the metal membrane of a stacking tendency. 

[Claim 3] On an antiferromagnetism layer, the fixed magnetic layer to which the magnetization direction is fixed by 
the exchange anisotropy field with said antiferromagnetism layer is formed. The bias layer which the laminating of a 
nonmagnetic conductive layer and the free magnetic layer is carried out on it, and arranges the magnetization 
direction of said free magnetic layer further in the magnetization direction of said fixed magnetic layer, and the 
crossing direction, In the spin bulb mold thin film of which a fixed magnetic layer, a nonmagnetic conductive layer, 
and the conductive layer that gives a detection current to a free magnetic layer are prepared, and consists Said 
antiferromagnetism layer, said fixed magnetic layer, and a nonmagnetic conductive layer are a spin bulb mold thin 
film characterized by having extended to the field of the both sides of a free magnetic layer, and carrying out the 
laminating of said bias layer and the electrode layer on the nonmagnetic conductive layer of this both-sides field. 
[Claim 4] The spin bulb mold thin film according to claim 3 by which the nonmagnetic metal membrane which is 
body-centered cubic structure, and (100) has a stacking tendency is formed between said nonmagnetic conductive 
layers and bias layers. 

[Claim 5] Said metal membrane is a spin bulb mold thin film according to claim 2 or 4 currently formed by either Cr, 
Ti, Mo or W50MO50. 

[Claim 6] On an antiferromagnetism layer, the fixed magnetic layer to which the magnetization direction is fixed by 
the exchange anisotropy field with said antiferromagnetism layer is formed. The bias layer which the laminating of a 
nonmagnetic conductive layer and the free magnetic layer is carried out on it, and arranges the magnetization 
direction of said free magnetic layer further in the magnetization direction of said fixed magnetic layer and the 
crossing direction. In the spin bulb mold thin film of which a fixed magnetic layer, a nonmagnetic conductive layer, 
and the conductive layer that gives a detection current to a free magnetic layer are prepared, and consists The spin 
bulb mold thin film characterized by vacating fixed spacing on said free magnetic layer, being body-centered cubic 
structure, and (1 00) forming the ferromagnetic of a stacking tendency in the both sides of that spacing, and carrying 
out the laminating of said bias layer and the electrode layer on this ferromagnetic. 

[Claim 7] Said ferromagnetic is a spin bulb mold thin film according to claim 6 currently formed with the Fe-X (X=Rh, 
Cr, Ti, Zr, Hf, V, Nb, Ta, Mn, Ru, Pd, Pt) alloy or the Fe-Co-nickel alloy. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the so-called spin bulb mold thin film from which electric resistance 
changes by the relation between the direction of magnetization of a fixed magnetic layer (pin (Pinned) magnetic 
layer), and the direction of the magnetization of a free (Free) magnetic layer influenced of an external magnetic field, 
and especially, as it can carry out [ single domain ]-izing of the magnetization with a fixed magnetic layer and a free 
magnetic layer proper, it relates to the spin bulb mold thin film which is made to reduce a Barkhausen noise and 
enabled it to obtain good micro truck asymmetry. 
[0002] 

[Description of the Prior Art] Drawing 4 is the sectional view showing the conventional structure of a spin bulb mold 
thin film (spin bulb mold thin film magnetic head) of detecting the record field from record media, such as a hard 
disk. The laminating of the antiferromagnetism layer 1, the fixed magnetic layer (pin (Pinned) magnetic layer) 2, the 
nonmagnetic conductive layer 3, and the free (Free) magnetic layer 4 is carried out and, as for this spin bulb mold 
thin film, the hard bias layers 5 and 5 are formed in those both sides. Generally the Co-Pt (cobalt-platinum) alloy 
film etc. is used for Cu (copper) film and the hard bias layers 5 and 5 by the Fe-Mn (iron-manganese) alloy film, the 
rtickel-Mn (nickel-manganese) alloy film, the fixed magnetic layer 2, and the free magnetic layer 4 at the Fe-nickel 
(iron-nickel) alloy film and the nonmagnetic conductive layer 3 at the antiferromagnetism layer 1. In addition, signs 6 
and 7 are the substrate layers and protective layers which were formed by non-magnetic materials, such as Ta 
(tantalum). 

[0003] As shown in drawing, the antiferromagnetism layer 1 and the fixed magnetic layer 2 touch, and are formed, 
said fixed magnetic layer 2 is single-domain-ized in the direction of Y by the exchange anisotropy field by the 
switched connection in an interface with said antiferromagnetism layer 1, and the direction of magnetization is fixed 
in the direction of Y. Said exchange anisotropy field is produced in the interface of said antiferromagnetism layer 1 
and said fixed magnetic layer 2 by performing annealing treatment (heat treatment), giving a field in the direction of 
Y. Moreover, in response to the effect of the hard bias layers 5 and 5 magnetized in the direction of X, the 
magnetization direction of said free magnetic layer 4 is arranged in the direction of X. 

[0004] Six layers from the substrate layer 6 to a protective layer 7 are formed first it is etching processes, such as 
ion milling, after that, as the manufacture approach of the spin bulb mold thin film shown in drawing 4 , it is shaved 
off so that said flank of six layers may serve as an inclined plane, and the hard bias layers 5 and 5 are formed by 
said both sides of six layers after that In this spin bulb mold thin film, the stationary current (detection current) is 
given to the fixed magnetic layer 2, the nonmagnetic conductive layer 3, and the free magnetic layer 4 from the hard 
bias layer 5 and the conductive layers 8 and 8 formed on five. The transit direction of record media, such as a hard 
disk, is a Z direction, and if given in the direction of leak field Y from a record medium, magnetization of the free 
magnetic layer 4 will change from X towards the direction of Y. Electric resistance changes by the relation between 
fluctuation of the direction of magnetization within this free magnetic layer 4, and the fixed magnetization direction 
of the fixed magnetic layer 2, and the leak field from a record medium is detected by the electrical-potential- 
difference change based on this electric resistance value change. 
[0005] 

[Problern(s) to be Solved by the Invention] However, the following troubles occur in the conventional spin bulb mold 
thin film shown in drawing 4 . Although it is fixed in the direction of illustration Y as magnetization of the fixed 
magnetic layer 2 was mentioned above, the hard bias layers 5 and 5 magnetized in the direction of X are formed in 
the both sides of said fixed magnetic layer 2. Therefore, especially, magnetization of the both ends of the fixed 
magnetic layer 2 is influenced of the bias field from said hard bias layers 5 and 5, and is no longer fixed in the 
direction of illustration Y. 

[0006] In a spin bulb mold thin film, magnetization of the fixed magnetic layer 2 that is, in the direction of illustration 
Y Magnetization of the free magnetic layer 4 is single-domain-ized in the direction of illustration X. Magnetization 
with said fixed magnetic layer 2 and free magnetic layer 4 Although it is desirable to be made the relation which 
intersects perpendicularly in all the fields, the magnetization relation to near the both ends of the fixed magnetic 
layer 2 and the free magnetic layer 4 Since magnetization of the fixed magnetic layer 2 is not being fixed in the 
direction of Y t there is nothing to orthogonality relation, and it is impossible to obtain good micro truck asymmetry in 
near [ said ] both ends. Here, micro truck asymmetry is the vertical symmetric property of a playback output wave 
measured in the width of recording track minuter than the actual width of recording track. 



http://w\^4jpdl.ncipi.gojp/cgi-bin/tran_web_cgi_eije 



2005/01/31 



[0007] When micro truck asymmetry is measured, if the playback output value in all parts is the same height, it can 
say that micro truck asymmetry is in a good condition, but if the micro truck asymmetry in near the both ends of 
the fixed magnetic layer 2 and the free magnetic layer 4 which are shown in drawing 4 is measured, the height of a 
playback output value is an ununiformity, that is. micro truck asymmetry is in the condition of having got worse. If 
micro truck asymmetry is in a bad condition, truck location detection cannot be performed correctly but it will 
become easy to cause a servo error. Moreover, in the spin bulb mold thin film shown in drawing 4 in addition to the 
problem mentioned above, since the thickness of the hard bias layers 5 and 5 prepared in the both sides of the free 
magnetic layer 4 becomes thin substantially, sufficient bias field to the direction of X cannot be given to said free 
magnetic layer 4 from said hard bias layers 5 and 5, therefore the magnetization direction of the free magnetic layer 
4 cannot be easily stabilized in the direction of X, and it is easy to generate a Barkhausen noise. 
[0008] At the same time this invention is for solving the above-mentioned conventional technical problem and it 
makes it sufficient bias field participate in a free magnetic layer from a hard bias layer Said hard bias layer as 
structure where magnetization of a fixed magnetic layer is not affected -izing of the magnetization of said fixed 
magnetic layer and a free magnetic layer can be been [ single domain ] made to carry out proper in the 
predetermined direction, therefore good micro truck asymmetry is obtained, and it aims at offering the spin bulb 
mold thin film which can moreover reduce a Barkhausen noise. 
[0009] 

[Means for Solving the Problem] As for this invention, the fixed magnetic layer to which the magnetization direction 
is fixed by the exchange anisotropy field with said antiferromagnetism layer is formed on an antiferromagnetism 
layer. The bias layer which the laminating of a nonmagnetic conductive layer and the free magnetic layer is carried 
out on it, and arranges the magnetization direction of said free magnetic layer further in the magnetization direction 
of said fixed magnetic layer, and the crossing direction, In the spin bulb mold thin film of which a fixed magnetic 
layer, a nonmagnetic conductive layer, and the conductive layer that gives a detection current to a free magnetic 
layer are prepared, and consists said antiferromagnetism layer and said fixed magnetic layer It has extended to the 
field of the both sides of said nonmagnetic conductive layer and a free magnetic layer, and is characterized by 
carrying out the laminating of said bias layer and the electrode layer through a nonmagnetic membrane on the fixed 
magnetic layer of this both-sides field. 

[0010] In this invention, drawi ng 1 can be mentioned as this concrete structure. Moreover, said nonmagnetic 
membrane is body-centered cubic structure, and (100) being formed by the metal membrane of a stacking tendency 
is desirable. 

[001 1] Moreover, as for this invention, the fixed magnetic layer to which the magnetization direction is fixed by the 
exchange anisotropy field with said antiferromagnetism layer is formed on an antiferromagnetism layer. The bias 
layer which the laminating of a nonmagnetic conductive layer and the free magnetic layer is carried out on it, and 
arranges the magnetization direction of said free magnetic layer further in the magnetization direction of said fixed 
magnetic layer, and the crossing direction, In the spin bulb mold thin fiim of which a fixed magnetic layer, a 
nonmagnetic conductive layer, and the conductive layer that gives a detection current to a free magnetic layer are 
prepared, and consists Said antiferromagnetism layer, said fixed magnetic layer, and the nonmagnetic conductive 
layer are prolonged to the field of the both sides of a free magnetic layer, and are characterized by carrying out the 
laminating of said bias layer and the electrode layer on the nonmagnetic conductive layer of this both-sides field. 
[0012] In this invention, drawing 2 can be mentioned as this concrete structure. In addition, it is desirable that are 
body-centered cubic structure, and (100) the nonmagnetic metal membrane of a stacking tendency is formed 
between said nonmagnetic conductive layers and bias layers. 

[0013] In this invention, it is body-centered cubic structure, and (100) Cr, Ti, Mo, or W50MO50 can be shown as a 
nonmagnetic metal membrane of a stacking tendency. 

[0014] Furthermore, as for this invention, the fixed magnetic layer to which the magnetization direction is fixed by 
the exchange anisotropy field with said antiferromagnetism layer is formed on an antiferromagnetism layer. The bias 
layer which the laminating of a nonmagnetic conductive layer and the free magnetic layer is carried out on it, and 
arranges the magnetization direction of said free magnetic layer further in the magnetization direction of said fixed 
magnetic layer, and the crossing direction, In the spin bulb mold thin film of which a fixed magnetic layer, a 
nonmagnetic conductive layer, and the conductive layer that gives a detection current to a free magnetic layer are 
prepared, and consists Fixed spacing is vacated on said free magnetic layer, it is body-centered cubic structure, and 
(100) the ferromagnetic of a stacking tendency is formed in the both sides of that spacing, and it is characterized by 
carrying out the laminating of said bias layer and the electrode layer on this ferromagnetic. 
[0015] In this invention, drawing 3 can be mentioned as this concrete structure. In addition, as for said 
ferromagnetic, it is desirable to be formed with the Fe-X (X=Rh, Cr, Ti. Zr, Hf, V, Nb, Ta, Mn, Ru, Pd, Pt) alloy or the 
Fe-Co-nickel alloy. 

[0016] In this invention, as shown in drawing 1 and drawing 2 , the both sides of the free magnetic layer 4 are 
shaved off in an inclined plane. Since the hard bias layer 5 is formed through the nonmagnetic layer ( drawing 1 a 
nonmagnetic membrane 9 and drawing 2 2Tnonmagnetic conductive layer 2 field) on the fixed magnetic layer 2, The 
thick part of the thickness of the hard bias layer 5 which generates a strong bias field is prepared in the side face of 
the free magnetic layer 4, therefore sufficient bias field is given to said free magnetic layer 4 from said hard bias 
layer 5. Moreover, there is no hard bias layer 5 in the both sides of the fixed magnetic layer 2, and since it is formed 
in the location distant from said fixed magnetic layer 2, the field from the hard bias layer 5 is not impressed to the 
fixed magnetic layer 2, but is efficiently concentrated and impressed to the free magnetic layer 4. 
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[0017] In addition, the nonmagnetic membrane 9 in drawing 1 is formed by the metal membrane which is body- 
centered cubic structure, and (100) has a stacking tendency, the coercive force He and the remanence ratio S of 
the hard bias layer 5 become it large that it is desirable that this metal membrane is formed on the nonmagnetic 
conductive layer 3 of T2 field by drawing 2 , and it is such structure, and the bias field from the hard bias layer 5 
increases. 

[0018] It is single-domain-ized proper in the direction (the direction of illustration X) in which the magnetization 
direction of the fixed magnetic layer 2 and the free magnetic layer 4 shown in drawing 1 and drawing 2 cross at right 
angles in all the fields by the above. 

[001 9] Moreover, by forming the nonmagnetic layer in the bottom of said hard bias layer 5, ferromagnetic 
association does not occur between a hard bias layer and the fixed magnetic layer 2, and the magnetization from the 
hard bias layer 5 is intercepted by said nonmagnetic layer, and has not affected magnetization of said fixed magnetic 
layer 2. 

[0020] Thus, the fixed magnetic layer 2 in this invention is not influenced of the field from the hard bias layer 5 like 
the conventional fixed magnetic layer 2, and magnetization of the fixed magnetic layer 2 shown in drawing 1 and 
drawing 2 was being fixed in the fixed direction (the direction of illustration Y) in all the fields. Moreover, unlike the 
former, the fixed magnetic layer 2 and the antiferromagnetism layer 1 have extended also to T1 field under the hard 
bias layer 5 (refer to drawing 1 ), and T2 field (refer to drawing 2 ). For this reason, it is fixed in the direction of Y in 
the range longer than the width of recording track, consequently the fixed magnetic layer 2 can prevent further 
generating of fluctuation of magnetization of the fixed magnetic layer 2 by the field from a magnetic-recording 
medium. 

[0021] Moreover, in drawing 3 , fixed spacing is vacated on the free magnetic layer 4, and the hard bias layer 5 is 
formed in the both sides (T3 field) of said spacing through the ferromagnetic 1 0. 

[0022] The free magnetic layer 4 is single-domain-ized easily and proper in the direction (the direction of X) which 
intersects perpendicularly with magnetization of the fixed magnetic layer 2 by ferromagnetic association in the 
interface of the hard bias layer 5 and said ferromagnetic 10, and the interface of said ferromagnetic 10 and free 
magnetic layer 4 of T3 field. 

[0023] Moreover, since the hard bias layer 5 was formed in the location distant from the fixed magnetic layer 2, the 
leak field from said hard bias layer 5 did not affect magnetization of said fixed magnetic layer 2, therefore 
magnetization of the fixed magnetic layer 2 in drawing 3 was being fixed in the fixed direction (the direction of 
illustration Y) proper in all the fields. 

[0024] Thus, in this invention, the fixed magnetic layer 2 and the free magnetic layer 4 are what was single-domain- 
ized proper in the predetermined direction (direction which intersects perpendicularly mutually) in all the fields, 
therefore good micro truck asymmetry can be obtained, and causing a servo error is lost Moreover, it is hard 
coming to generate a Barkhausen noise by proper single domain-ization of the fixed magnetic layer 2 and the free 
magnetic layer 4. 
[0025] 

[Embodiment of the Invention] Drawing 1 is the sectional view showing the structure of the spin bulb mold thin film 
of the 1st operation gestalt of this invention. In addition, drawing 1 fractures and shows only the central part of the 
component prolonged in the direction of X. This thin film magnetic head is prepared in the trailing side edge section 
of the surfacing type slider formed in the hard disk drive unit etc., and detects record fields, such as a hard disk. In 
addition, the migration direction of magnetic-recording media, such as a hard disk, is a Z direction, and the direction 
of the leak field from a magnetic-recording medium is the direction of Y. 

[0026] The substrate layer 6 formed by non-magnetic materials, such as Ta (tantalum), is formed in the bottom of 
drawing 1 . The laminating of the antiferromagnetism layer 1 and the fixed magnetic layer (pin magnetic layer) 2 is 
carried out on this substrate layer 6. an exchange anisotropy field obtains by the interface of both layers by 
performing heat treatment in the field of predetermined magnitude, where the laminating of said antiferromagnetism 
layer 1 and fixed magnetic layer 2 is carried out — having — the direction of magnetization of said fixed magnetic 
layer 2 — the direction of Y — a single domain — it is-izing and fixed. 

[0027] In this invention, the Pt-Mn (platinum-manganese) alloy is used for said antiferromagnetism layer 1. The Pt- 
Mn alloy has the property which was excellent as an antiferromagnetism ingredient — compared with the Fe-Mn 
alloy etc., it excels in corrosion resistance, and blocking temperature is also high and an exchange anisotropy field 
can be acquired also with the heat treatment temperature below 230 more degrees C (heating temperature of the 
postbake process of UV resin). Moreover, it may replace with a Pt-Mn alloy and a Pd-Mn (palladium-manganese) 
alloy, a Pt-Mn-X (X=nickel. Pd, Rh, Ru, Ir, Cr, Co) alloy or the nickel-Mn alloy currently used from the former, a Fe- 
Mn alloy, etc. may be used as an antiferromagnetism layer 1. 

[0028] Moreover, the fixed magnetic layer 2 is formed with a nickel-Fe (nickel-iron) alloy, Co (cobalt), the Fe-Co 
(iron-cobalt) alloy, the Fe-Co-nickel alloy, etc. On the fixed magnetic layer 2, the nonmagnetic conductive layer 3 
with low electric resistance, such as Cu (copper), is formed, and the laminating of the protective layers 7, such as 
the free magnetic layer 4 and Ta, is carried out further. In addition, said free magnetic layer 4 is formed with the 
magnetic material used for the fixed magnetic layer 2 mentioned above. 

[0029] Next the manufacture approach of the layered product from the substrate layer 6 shown in drawing 1 to a 
protective layer 7 is explained below. After six layers from the substrate layer 6 to a protective layer 7 are formed 
by the spatter, it leaves the nonmagnetic conductive layer 3, the free magnetic layer 4, and a protective layer 7 to 
the core of the direction of X, and the both-sides part (T1 field) is removed by etching processes, such as ion 
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milling. Although the fixed magnetic layer 2 is also influenced of etching and may be shaved off by fixed Mr. Fukashi 
of a certain at this time, as for the fixed magnetic layer 2, it is desirable to make it not shaved off as much as 
possible. For this reason, if an etching process is given as only a few leaves the nonmagnetic conductive layer 3 
beforehand to the top face of 2Tfixed magnetic layer 1 field, the fixed magnetic layer 2 is little and can stop the 
amount which is seldom influenced of etching and is shaved off by etching. 

[0030] As shown in drawing 1 , from the top face of 2Tfixed magnetic layer 1 field, it applies to the inclined plane of 
the nonmagnetic conductive layer 3, the free magnetic layer 4, and a protective layer 7, and the nonmagnetic 
membrane 9 is formed. Furthermore, on said nonmagnetic membrane 9 t the laminating of the hard bias layer 5 and 
the conductive layer 8 is carried out. this invention — said nonmagnetic membrane 9 — body-centered cubic 
structure (bcc) — and (100) it is desirable to be formed by the metal membrane which has a stacking tendency. 
[0031] As a metal membrane which has a stacking tendency (100) by body-centered cubic structure, the crystal 
structure can present Cr (chromium), Ti (titanium), Mo (molybdenum), W (tungsten), or W50MO50 (50 and 50 are 
at%). The nonmagnetic membrane 9 may be formed with one sort of ingredients among these, or may be formed with 
two or more sorts of mixture. 

[0032] Moreover, the hard bias layers 5 and 5 are formed with for example, the Co-Pt (cobalt-platinum) alloy, the 
Co-Cr-Pt (cobalt-chromium-platinum) alloy, etc. If the hard bias layers 5, such as a Co-Pt alloy, are formed on the 
nonmagnetic membranes 9, such as Cr which is body-centered cubic structure, and (100) has a stacking tendency, 
the remanence ratio S called for by the coercive force He of said hard bias layer 5 T and residual magnetization (Br) / 
saturation magnetic flux density (Bs) will become large. The bias field generated from the hard bias layer 5 as a 
result increases. 

[0033] Furthermore, the thickness of the hard bias layer 5 formed in the both sides of the free magnetic layer 4 
since the hard bias layer 5 was formed on the fixed magnetic layer 2 of TI field through the nonmagnetic membrane 
9 in this invention as shown in drawing 1 is thick compared with the former, therefore the bias field from the hard 
bias layer 5 is fully given to the free magnetic layer 4. Moreover, there is no hard bias layer 5 in the both sides of 
the fixed magnetic layer 2, and since it is formed in the location distant from said fixed magnetic layer 2. the field 
from the hard bias layer 5 is not impressed to the fixed magnetic layer 2, but is efficiently concentrated and 
impressed to the free magnetic layer 4. The free magnetic layer 4 in this invention was single-domain-ized proper in 
the direction of X in all the fields by the above. 

[0034] Moreover, since the hard bias layer 5 is not directly formed on the fixed magnetic layer 2 but the 
nonmagnetic membrane 9 intervenes, ferromagnetic association does not occur between the fixed magnetic layer 2 
and the hard bias layer 5. Consequently, magnetization of the hard bias layer 5 is intercepted by mediation of a 
nonmagnetic membrane 9 by said nonmagnetic membrane 9, and does not affect magnetization of the fixed magnetic 
layer 2 by it thus, the thing for which said fixed magnetic layer 2 is influenced of the hard bias layer 5 — there is 
nothing — therefore, said fixed magnetic layer 2 — all the fields — setting — the direction of Y — proper — a 
single domain — it was-izing and fixed. 

[0035] Moreover, unlike the former, the fixed magnetic layer 2 and the antiferromagnetism layer 1 have extended 
also to T1 field under the hard bias layer 5. For this reason, it is fixed in the direction of Y in the range longer than 
the width of recording track, consequently the fixed magnetic layer 2 can prevent further generating of fluctuation 
of magnetization of the fixed magnetic layer 2 by the field from a magnetic-recording medium. In addition, even if 
formed by non-magnetic materials, such as Si02, in addition to the metal membrane in which a nonmagnetic 
membrane 9 is body-centered cubic structure, and (100) has a stacking tendency in this invention, it is possible to 
arrange magnetization of the fixed magnetic layer 2 and the free magnetic layer 4 in the proper direction. 
[0036] Drawing 2 is the modification of the spin bulb mold thin film of this invention shown in drawing 1 . In addition, 
the migration direction of a magnetic-recording medium is a Z direction, and the direction of the leak field from a 
magnetic-recording medium is the direction of Y. The laminating of the substrate layer 6, the antiferromagnetism 
layer 1, the fixed magnetic layer 2, the nonmagnetic conductive layer 3, the free magnetic layer 4, and the protective 
layer 7 is carried out to order from the bottom like the spin bulb mold thin film which shows the spin bulb mold thin 
film shown in drawing 2 to drawing 1 . and the fixed magnetic layer 2 — exchange anisotropy association by the 
interface with the antiferromagnetism layer 1 — the direction of Y — a single domain — it is-izing and fixed. 
[0037] As shown in drawing 2 , the free magnetic layer 4 and the protective layer 7 were left behind to the core of 
the direction of X, and the substrate layer 6, the antiferromagnetism layer 1, the fixed magnetic layer 2, and the 
nonmagnetic conductive layer 3 are further prolonged to the field (T2 field) of the both sides of the direction of X 
rather than said free magnetic layer 4 and protective layer 7. And from the top face of the field of three 
nonmagnetic conductive layerT2, it applies to the inclined plane of the free magnetic layer 4 and a protective layer 
7, and the hard bias layer 5 is formed. Furthermore, the conductive layer 8 is formed on said hard bias layer 5. Said 
hard bias layer 5 is single-domain-ized in the direction of X, and the free magnetic layer 4 is single-domain-ized in 
the direction of X by the bias field from said hard bias layer 5. 

[0038] If the spin bulb mold thin film shown in drawing 1 and drawing 2 is compared, in the spin bulb mold thin film 
shown in drawing 2 , the nonmagnetic conductive layer 3 is prolonged to the field (T2 field) of both sides rather than 
the free magnetic layer 4. Therefore, in drawing 2 , said nonmagnetic conductive layer 3 of T2 field will intervene 
between the hard bias layer 5 and the fixed magnetic layer 2, and, for this reason, ferromagnetic association does 
not occur between the hard bias layer 5 and the fixed magnetic layer 2, and the leak field from the hard bias layer 5 
is intercepted by said nonmagnetic electric conduction film 3, and said leak field does not affect magnetization of 
the fixed magnetic layer 2. therefore, the fixed magnetic layer 2 — all the fields — setting — the direction of Y — 
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proper — a single domain — it was-izing and fixed. 

[0039] Moreover, as shown in drawing 2 , since the hard bias layer 5 is formed from the same nonmagnetic 
conductive layer 3 as the free magnetic layer 4, the thick part of the thickness of the hard bias layer 5 which 
generates a strong bias field will be formed in the both sides of the free magnetic layer 4, therefore the free 
magnetic layer 4 is single-domain-ized proper in the direction of X. Moreover, there is no hard bias layer 5 in the 
both sides of the fixed magnetic layer 2, and since it is formed in the location distant from said fixed magnetic layer 
2, the field from the hard bias layer 5 is not impressed to the fixed magnetic layer 2 f but is efficiently concentrated 
and impressed to the free magnetic layer 4. 

[0040] Furthermore, in the spin bulb mold thin film shown in drawing 2 , the metal membrane of Cr which is the 
body-centered cubic structure explained by drawing 1 , and (100) has a stacking tendency is missing from the 
inclined plane of the free magnetic layer 4 and a protective layer 7 from the top face of 3Tnonmagnetic conductive 
layer 2 field, and may be formed. The coercive force He and the remanence ratio S of the hard bias layer 5 become 
it large that it is such structure, and the bias field generated from the hard bias layer 5 increases. Consequently, 
magnetization of the free magnetic layer 4 becomes that itis [ single-domain-] easier to beized in the direction of X. 

[0041] Drawing 3 is the sectional view showing the structure of the spin bulb mold thin film of other operation 
gestalten of this invention. As shown in drawing, the laminating of the substrate layer 6, the antiferromagnetism 
layer 1, the fixed magnetic layer 2, the nonmagnetic conductive layer 3, and the free magnetic layer 4 is carried out 
to order from the bottom. In addition, the fixed magnetic layer 2 is single-domain-ized in the direction of Y by the 
exchange anisotropy field in an interface with the antiferromagnetism layer 1 . On said free magnetic layer 4, spacing 
fixed in the center of the direction of X is vacated, and the laminating of a ferromagnetic 10, the hard bias layer 5, 
and the conductive layer 8 is carried out to the both-sides field (T3 field) of the spacing. 

[0042] And it applies to the top face of the free magnetic layer 4 from the top face of said conductive layer 8, and 
the protective layer 7 is formed. Said ferromagnetic 10 in this invention is body-centered cubic structure, is a metal 
membrane with a stacking tendency, for example, is formed with the Fe-X (X=Rh, Cr, Ti, Zr, Hf, V, Nb, Ta, Mn, Ru, 
Pd, Pt) alloy or the Fe-Co-nickel alloy. 

[0043] Next, the structure of single-domain-izing of the free magnetic layer 4 in drawing 3 is explained below. In 
addition, the hard bias layer 5 is magnetized in the direction of illustration X. Magnetization of a ferromagnetic 10 is 
single-domain-ized in the direction of X by ferromagnetic association by the interface of said ferromagnetic 1 0 and 
hard bias layer 5. Furthermore, magnetization of the free magnetic layer 4 in T3 field is single-domain-ized in the 
direction of X by ferromagnetic association by the interface of said free magnetic layer 4 and ferromagnetic 10. 
Magnetization of free magnetic layers 4 other than T3 field (the ferromagnetic 10 is not formed in the top face) is 
gradually magnetized by magnetization of the free magnetic layer 4 of T3 field single-domain-ized in the direction of 
X in the direction of X, and the whole free magnetic layer 4 is single-domain-ized proper in the direction of X. 
[0044] Moreover, directly, the leak field from the hard bias layer 5 is flowing, and is not coming to the free magnetic 
layer 4. Moreover, since the hard bias layer 5 is formed in the location distant from the fixed magnetic layer 2, the 
field from the hard bias layer 5 is not impressed to the fixed magnetic layer 2, but is efficiently concentrated and 
impressed to the free magnetic layer 4. Thereby, said free magnetic layer 4 has become that itis [ single-domain-] 
much more easy to beized proper in the direction of X. 

[0045] Moreover, in the spin bulb mold thin film shown in drawing 3 , the hard bias layer 5 is formed in the distant 
location from the fixed magnetic layer 2, therefore the leak field from the hard bias layer 5 has not affected 
magnetization of said fixed magnetic layer 2. thus, the thing for which the fixed magnetic layer 2 is influenced of the 
hard bias layer 5 — there is nothing — therefore, said fixed magnetic layer 2 — all the fields — setting — proper - 
- the direction of Y — a single domain — it was-izing and fixed. Moreover, the fixed magnetic layer 2 and the 
antiferromagnetism layer 1 have extended also to T3 field under the hard bias layer 5. For this reason, it is fixed in 
the direction of Y in the range longer than the width of recording track, consequently the fixed magnetic layer 2 can 
prevent further generating of fluctuation of magnetization of the fixed magnetic layer 2 by the field from a magnetic- 
recording medium. 

[0046] As mentioned above, in the spin bulb mold thin film in each operation gestart explained in full detail, if the 
stationary current (detection current) is given to the fixed magnetic layer 2, the nonmagnetic conductive layer 3, 
and the free magnetic layer 4 from a conductive layer 8 and a field is moreover given in the direction of Y from a 
record medium, the magnetization direction of the free magnetic layer 4 will change from X towards the direction of 
Y. At this time, a lifting and electric resistance change [ the electron which is going to move to the layer of another 
side ] dispersion from layer of one of the two among the free magnetic layer 4 and the fixed magnetic layer 2 by the 
interface of the nonmagnetic conductive layer 3 and the fixed magnetic layer 2, or the interface of the nonmagnetic 
conductive layer 3 and the free magnetic layer 4. Therefore, the stationary current can change and a detection 
output can be obtained. 

[0047] In this invention, in each operation gestart, the fixed magnetic layer 2 is single-domain-ized proper in the 
direction of Y, and the free magnetic layer 4 is single-domain-ized proper in the direction of X, and it has relation 
which magnetization with said fixed magnetic layer 2 and free magnetic layer 4 intersects in alt fields. Therefore, 
good micro truck asymmetry can be obtained, and a servo error cannot be caused, and generating of a Barkhausen 
noise can be reduced. 
[0048] 

[Effect of the Invention] By forming the hard bias layer which gives a bias field to a free magnetic layer through a 
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nonmagnetic layer on a fixed magnetic layer according to this invention explained in full detail above If it forms by 
the metal membrane which the both sides of a free magnetic layer can especially be adjoined in the thick part of the 
thickness of the hard bias layer which generates a strong bias field, is body-centered cubic structure about said 
nonmagnetic layer, and (100) has a stacking tendency The magnetic properties (coercive force, remanence ratio) of 
a hard bias layer can be raised, and-izing of the magnetization of a free magnetic layer can be carried out [ single 
domain ] in the magnetization direction of a fixed magnetic layer, and the crossing direction proper. 
[0049] Moreover, by making a nonmagnetic layer intervene between a hard bias layer and a fixed magnetic layer, 
generating of ferromagnetic association can be prevented, magnetization of a hard bias layer can be intercepted in 
said nonmagnetic layer, and, for this reason, a fixed magnetic layer is not influenced by said hard bias layer of 
magnetization. Therefore, magnetization of said fixed magnetic layer can be single-domain-ized proper in the fixed 
direction, and it can fix. 

[0050] Moreover, in this invention, if fixed spacing is vacated, the ferromagnetic which is body-centered cubic 
structure, and (100) has a stacking tendency is formed on a free magnetic layer and a hard bias layer is formed on 
this ferromagnetic-izing of the magnetization of a free magnetic layer can be carried out [ single domain ] in the 
magnetization direction of a fixed magnetic layer, and the crossing direction proper by ferromagnetic association. 
[0051] Moreover, since it can form in the location which is [ be / it / such structure ] distant from a fixed magnetic 
layer in a hard bias layer, said fixed magnetic layer is not influenced of a hard bias layer, therefore can single- 
domain-ize magnetization of said fixed magnetic layer proper in the fixed direction, and can be fixed. 
[0052] In this invention -izing of a fixed magnetic layer and the free magnetic layer can be carried out [ single 
domain ] in the predetermined direction proper by the above, therefore good micro truck asymmetry can be 
obtained, and a servo error is not caused, and generating of a Barkhausen noise can be reduced. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the original precisely. 
2>*** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view showing the structure of the spin bulb mold thin film of the 1st operation gestalt of 
this invention, 

[Drawing 2] The sectional view showing the structure of the spin bulb mold thin film of the 2nd operation gestalt of 
this invention, 

[Drawing 3] The sectional view showing the structure of the spin bulb moid thin film of the 3rd operation gestalt of 
this invention, 

[Drawing 4] The sectional view showing the structure of the conventional spin bulb mold thin film, 
[Description of Notations] 

1 Antiferromagnetism Layer 

2 Fixed Magnetic Layer 

3 Nonmagnetic Conductive Layer 

4 Free Magnetic Layer 

5 Hard Bias Layer 

6 Substrate Layer 

7 Protective Layer 

8 Conductive Layer 

9 Nonmagnetic Membrane 

10 Ferromagnetic 
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[Drawing 3] 
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